Abstract. Acute cerebrovascular disease (ACVD) is associated with high morbidity and mortality rates, however, molecular markers to aid in its early detection are lacking. In this study, we examined the correlation between serum ischemia-modified albumin (IMA), a marker used to identify ischemic events in the heart, and blood lipids in patients with ACVD. Serum IMA levels were determined by enzyme-linked immuno sorbent assay, and total cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein cholesterol (HDL) and triglyceride (TG) levels were determined biochemically in 62 patients with cerebral infarction (CI), 40 patients with intracerebral hemorrhage (ICH), 18 patients with subarachnoid hemorrhage (SAH) and 100 healthy individuals (controls). Serum IMA levels were significantly higher in each of the ACVD groups compared to the control group (CI, 80.81±11.97 U/ml; ICH, 80.25±10.91 U/ml; SAH, 74.43±11.39 U/ml and control, 41.08±5.10 U/ml; P<0.05). Additionally, serum TC, LDL and TG levels significantly increased, while serum HDL significantly decreased in the ACVD groups compared to the control group (P<0.05). A positive correlation was found between serum IMA levels and serum TC, LDL and TG levels in the ACVD patients, while serum IMA levels were negatively correlated with serum HDL levels (P<0.05). Thus, serum IMA increased following an ACVD event and was closely correlated with changes in the blood lipid levels. These factors, when combined, may allow the development of molecular markers for an earlier diagnosis of ACVD.
Introduction
Acute cerebrovascular disease (ACVD) is a common disorder of the nervous system that typically affects blood vessels in the brain and mainly includes cerebral infarction (CI), intracerebral hemorrhage (ICH) and subarachnoid hemorrhage (SAH), which can result in severe neurological impairment or death (1) . ACVD frequently affects older individuals, resulting in an increase in morbidity and mortality rates each year in China. However, changes to the living environment and diet structures are also key factors that should be considered (2) . Notably, early diagnosis and treatment are able to reduce the degree of neurological impairment and mortality resulting from ACVD events (3) .
ACVD diagnosis currently relies heavily on neuroimaging (2) . However, studies conducted in China and worldwide have focused on the identification of biochemical markers to improve early diagnosis and to distinguish between ischemic and hemorrhagic stroke, similar to the way in which troponin is used to diagnose acute myocardial infarction (2) . One biochemical marker, ischemia-modified albumin (IMA), has been widely studied in tissue ischemia in recent years. IMA appears to be an early indicator of myocardial ischemia, which is detectable before the occurrence of myocardial infarction (4-6). Moreover, serum IMA increases in mesenteric thrombosis, pulmonary embolism, stroke and other ischemic diseases (7) (8) (9) (10) (11) . Thus, in addition to being a predictor of myocardial infarction, IMA may be a useful marker for ACVD.
Increased IMA also appears to be associated with altered lipid profiles. Individuals with hypercholesterolemia demonstrate increased IMA in addition to increased low-density lipoproteins (LDL) (12) . Similarly, in cases of obesity or metabolic syndrome, an altered lipid metabolism and an increased IMA are often observed together (13, 14) . Notably, ACVD patients have been known to exhibit complications of abnormal lipid metabolism (15) . Hypercholesterolemia has been identified as an independent risk factor for ACVD (16) . While findings of an earlier study demonstrated that IMA could be used to distinguish between certain types of ACVD (11), whether or not IMA levels are associated with lipid profiles in ACVD and whether these markers may be combined to improve diagnosis or treatment of ACVD remain to be determined.
To determine whether IMA and lipid levels are associated with ACVD, serum IMA was measured using the albumin cobalt binding test in 62 subjects with CI, 40 with ICH, 18 with SAH and 100 healthy individuals. In addition, total cholesterol (TC), LDL cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and triglyceride (TG) levels were determined to in order to explore correlations between serum IMA and lipid levels in ACVD patients.
Subjects and methods

Subjects.
A total of 120 ACVD patients who were hospitalized at the First Affiliated Hospital of Liaoning Medical College (Jinzhou, Liaoning, China) between January 2009 and December 2011 were included in the study. Diagnoses met the criteria established by the 4th National Cerebrovascular Disease Conference in 1995 (17) , and were confirmed by CT or MRI. Complete biochemical data were available for all participants. Participants were divided into groups according to the type of ACVD. The CI group included 62 patients, 38 males and 24 females, aged 40-74 years; the ICH group included 40 patients, 24 males and 16 females, aged 44-74 years; the SAH group included 18 patients, 10 males and 8 females, aged 42-75 years. The exclusion criteria for patients with ACVD were: severe liver or renal failure, major surgery one month prior to disease onset or trauma history, coronary artery thrombosis within six months, chronic inflammatory or infectious diseases, previous history of cerebral apoplexy, pulmonary embolism or thrombotic diseases related to systemic circulation or pregnancy. One hundred healthy individuals who received physical examination at our hospital during the same period were selected as the control group. Participants in the control group had not taken any medicine within two weeks. The study was approved by the Ethics Committee of our hospital, and all enrolled participants or their families provided informed consent.
Biochemistry. Blood samples for the detection of IMA were collected 3 h after ACVD. Blood samples for the lipid profiles were collected following a 12-h fasting period. Serum was separated and stored at -70˚C. IMA levels were detected by enzyme-linked immunosorbent assay (ELISA) using a kit from R&D Systems (Minneapolis, MN, USA). TC, TG, LDL-C and HDL-C levels were measured by enzymatic method (Roche Diagnostics, Indianapolis, IN, USA) using the Beckman LX-20 Automatic Biochemical Analyzer according to the manufacturer's instructions.
Statistical analysis. SPSS 17.0 statistical software was used for statistical analysis. Measurements were presented as the mean ± standard deviation. The χ 2 test was used to compare gender distribution between the groups, and the single-factor ANOVA test was used to compare general characteristics, 
Results
ACVD demographics.
No statistical difference was found between the CI, ICH and SAH and control groups with regard to variables such as gender, age, body mass index and blood albumin (Table I) . However, blood glucose, systolic blood pressure and diastolic pressure were significantly higher in all of the ACVD groups compared to the control group (P<0.05).
Serum IMA and lipid levels. Upon measuring the serum IMA levels as well as the lipid profiles of participants experiencing an ACVD event, we found that serum IMA, TC and LDL-C ('bad' cholesterol) levels were significantly higher in the patients of each ACVD group compared to the control group (P<0.05). However, HDL-C ('good' cholesterol) levels significantly decreased in individuals with ACVD compared to the controls (P<0.05) (Table II) .
Correlation between serum IMA and lipid levels. To determine whether serum IMA levels in ACVD patients are associated with the observed changes in lipid levels, the Pearson's correlation was used. Serum IMA levels positively correlated with patients' TC, TG and LDL-C levels, but negatively correlated with HDL-C levels (P<0.05; Table III ). Serum TC, TG and LDL-C levels significantly increased, while HDL-C levels significantly decreased, with increasing serum IMA levels (Fig. 1) .
Discussion
ACVD accounts for 10% of mortality among all diseases and is one of the three major causes of mortality in humans (18) . Additionally, ACVD events result in high rates of disability due to lasting neurological damage (2) . The key to reducing morbidity and mortality associated with these events is early diagnosis and treatment. However, ACVD diagnosis currently relies on clinical symptoms and neuroimaging (2). Molecular markers that are able to improve diagnosis are required to reduce ACVD mortality. IMA, derived from human serum albumin (HSA), is an important molecular marker in cardiac care due to its association with ischemic events (19) . The amino-terminal sequence of HSA, which is unique to humans, is the major binding site of transition metals, including Co, Cu and Ni. When HSA is transported through ischemic tissues, free radicals released following ischemia/re-perfusion disrupt the amino-terminal sequence of HSA, reducing its binding capacity with transition metals; the altered HSA is termed IMA (20) . IMA increases during acute myocardial ischemia, but may also increase during non-cardiac ischemic events, including infection, cerebrovascular disease, end-stage renal failure and tumor diseases. A recent study demonstrated that serum IMA levels differed according to the type of ACVD event (11) . In this study, we found that serum IMA levels in early-stage (<3 h following event) ACVD patients were significantly higher compared to the healthy individuals, which is likely to be due to the fact that serum IMA concentrations increased in relation to the ischemic event. Additionally, IMA reflects the degree of ischemia, as demonstrated by results obtained by Abboud et al (21) . Thus, IMA may be a useful marker for detecting ischemia correlated with ACVD.
Serum IMA concentrations are affected by a number of factors, particularly serum albumin and serum lipid levels (19) . Since other diseases that are closely associated with changes in serum lipids also appear to demonstrate increased IMA (e.g., metabolic syndrome and obesity), there may be a specific link between these features in causing disease (13, 14) . This observation is emphasized by the fact that patients with pure hypercholesterolemia have increased IMA (12) . We observed that IMA levels in ACVD patients were positively correlated with TC, TG and LDL-C concentrations, supporting findings for other diseases. A potential reason for the correlation between IMA and lipid changes in ACVD is that, during ACVD attack, high concentrations of blood lipids increase the local blood viscosity, causing slow blood flow. In turn, platelets aggregate and form blood clots more easily, promoting the progression of ACVD. In addition, high concentrations of serum lipids are able to increase the instability of vulnerable plaques, aggravating artery stenosis or promoting the formation of blood clots, thereby aggravating ischemia and resulting in increased IMA (22) . A second possibility is that highly concentrated serum combines with albumin to reduce binding sites of albumin and cobalt ions, causing a decrease in the binding capacity of albumin cobalt, which is manifested as increased levels of serum IMA (23) .
In conclusion, an increase in the levels of serum IMA of ACVD patients was observed. This increase renders IMA a useful marker for the early diagnosis of ACVD. Additionally, serum IMA levels in ACVD are closely correlated with lipid levels. The molecular mechanisms behind the correlation between IMA and lipids should be investigated. However, it is possible these mechanisms may be developed into a more sensitive diagnostic tool for ACVD.
